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*^ MODiPicmoH iH inuoouaaw gems 

This Invention relates to recombinant DK& 
technology, m a particular aspect, this invention 
relates to aethods for the site-specific reconbination of 
ma in aaamalian cells or host naaaalian organisns. m 
another aspect, the present Invention relates to novel 
WA constructs, as well as compositions, cells and host 
organisBs containing such constructs, in yet another 
aspect, the present invention relates to methods for the • 
activation and/or Inactivation of expression of 
functional genes. m a further aspect, the present 
invention relates to methods for the introduction of ONA 
into specific sites in the genome of mammalian cells, m 
a still further aspect, the present Invention relates to 
gene theraKT methods. In stUl another aspect, the 
present invention relates to means for the recovery of 
transfected laa from a cell or host organism, m a still 
further aspect, the present Invention relates to assay 
methods. . 
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BftCKSROOND OF THE INVENTIOH 

Vany recmt manipulations of gene 
ewssion involve the introduction of transfected genes 
(transgenes) to confer s<^ novel property upon, or to 
alter soma . intrinsic property of, mammalian cells or 
organisms. The efficacy of such manipulations is often 
inpaired by such problems as the inability to control the 
chromosemal site of transgene integration; or the 
Inability to control the number of copies of a feansgene 
that integrate at the desired duromosomal site; or by 
difficulties in contrplling the level, teji«>oral 
characteristics, or tisissue distribution of transgene 
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eaqoression; or by the difficulty of modifying the 
structure of transgenes once they are integrated into 
naaiBialian chromosomes* 

^Cransgenes are often introduced into 
5 snamnalian cells or organisms to determine ^^ch 

components of. a transgene are. required for specific 
qualitative or quantitative alterations of the host 
. system. Since both chromosomal position and copy number 
are major determinants of transgene function, the 
10 usefulness of these analyses is limited because current 
techniques, for efficiently introducing transgenes into 
mammal i a n hosts result in the insertion of a variable 
nuxaber of transgene copies at rsmdom chromosomal 
positions, it is, therefore, difficult (if not 
15 imppssible) to conpare the effects of one transgene to 
those of another if the two transgenes occupy different 
cdiromosamal positions and are present in the genome at 
different copy numbers. Considerably more refined 
analyses would be possible if one could routinely 
20 introduce single copies of a variety of transgenes into a 
de f in e d chromosomal position. 

The spatial or ten^ral cOiaracteristics of 
transgene es^ression is difficult to control in intact 
organisms. !Che restricted eacpression of transgenes is 
25 potentially of great interest, as this technique can be 
ployed for a variety of therapeutic applications, e.g., 
for the selective intem^ition of a defective gene, for 
the alteration of e3q>ression of a gene which is otherwise 
over^-expressed or under-e3q>ressed, for the selective ^ 
30 introduction of a gene ^ose product is desirable in the 
liost, for the selective removal or disruption of a gene 
whose eaqsressipn ici no longer desired in the host, and 
the liJce. 



Transgene eigoression is typtckllY goveme4 
35 by a single set of control sequences, including promoters 
and enhancers which are physically linked to the 
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transgenes (I.e., cis-acting sequences) . Considerably 
greater ejtpresslon control could be achieved if transgene 
ejqpression could be placed under the binary control of 
these cis-acting seguencfas, plus an additional set of 
sequences that ware not physically linked to the 
t»nsgenes (i.e. , trans-acting sequences) . A further 
advantage would be realized if the transient activity of 
these trans-acting functions resulted in a stable 
alteration in transgene expression, in this manner, it 
would be possible, for example, to introduce into a host 
a transgene lAose expression would have lethal or 
deleterious effects if it was consfcitutively expressed in 
all cells. This would be accomplished by delaying the 
e3q)ression of the transgene to a specific time or 
developmental stage of interest, or by restricting the 
ejqaression of the tran^ene to a specific subset of the 
cell population. 

It is currently difficult (if not 
iJi5>osslble) tP precisely modify the structure qt 
transgenes once they have been introduced into mammalian 
cells. In many applications of transgene technology, it 
would be desirable to introduce the transgene in one 
form, and to thea be able to modify the transgene in a 
defined manner. By this means, transgenes could be 
25 activated or inactivated or the sequences which control 
transgene expression could be altered by either removing 
sequences present in the original transgene or by 
Inserting additional sequences into the transgene. 

I>revious descriptions of xecomblnase- 
30 mediated rearrangement of chromosojiial sequences in 
l>ro8aiihUa and mammalian cells have not directly 
addressed the question of whether site-specific 
recombinases could routinely dreate a functional 
translational reading frame. Moreover, the reported 
efficiency of the prior art recombinase system, in the 
only other description of site-specific recombination in 
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Basimalian calls r^iorted to date [based on Cre 
recomblhase, described by Saaer and Henderson in Nucleic 
Re^ggeapcpli^ Vol. 17: 147 (1989)] iqppears to be quite 

low. 



BRIEF DESCRIFTIOir OF THE INVENTION 

In acrcbrdance with the present invention, 
we have developed a systtem for the selective, nodlf Ication 
of cfaromosamal or extxa^ironosQmal 0N& in masraalian 
cells. Selective modification can involve the insertion 
of one DNA into another DNA (e.g. , to create a hybrid 
gene, to activate a gene, to inactivate a gene, and the 
15 like) f or the removal of specific Wh ffiolecule(s) f rem 
other DN& molecule (s) containing the una to be removed 
(e.g., to inactivate a gene, to bring desired DNA. 
fragments into association with one another, and thd 
like). ^' 

20 ^!be recoidtiination system of the present 

inv^tion is based on site-specific recombinase, FLP. In 
one application of the invention recombination system, 
FIf-mediated reiiK3val of intervening sequences is required 
for the formation of a functional gene. Expression of 
25 the functional gene therefore, falls under the control of 
both the regulatory sequences associated with the 
functional gene and also under the control of those 
sequences tdiicii direct FLP expression. 

The reverse of the above-described 
30 process, i.e., the FliP-mediated introduction of 0NA, 
provides a convenient and selective means to introduce 
DH& into specific sites in sisoamaian chromosomes. 

Fig-media t ed recombination of marker genes 
provides a means to follow the fate of various sequences 
35 over the cobrse of development an^/or from generation-to- 
generation. The recombinatioh event creates a functional 



inarker gene. This gain-of -function system can be used 
for lineage analyses in a vide variety of tissues in 
different organisms. Prior to F£P-mediated 
recombination, the m a rk e r gene is normally silent, i.e., 
5 the idienotype t^ical of the marlcer is not observed. In 
the absence of FLP, spontaneous recombination to produce 
functional marlcer occurs only at very low frequencies. 
In the presence of PLP, functional marlcer is efficiently 
produced. In addition, this gain*-of -function system is- 
10 heritable and is easily detected by single histochemical 
assays. For exmqple, in transgenic mice, the lineages in 
vfaidi recombination is to occur can be controlled by 
appropriate selection of the promoters used to driye FLP 
e3q>ression. This could include promoters that are only 
15 transiently active at a developmental stage that 

substantially precedes overt cell differentiation. Since 
transcription of the marker gene is controlled by 
regulatory sequences associated therewith, functional 
marker genes be eaqpressed at later developmental 
20 stages, after cell differentiation has occurred. By this 
means, it is possible to construct a map for mammalian 
develc^ent that correlates embryonic patterxis of gene 
e3cpression with the organization of mature tissues. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 presento schematic diagrams of 
FLP-mediated reomnbination events, in Figure lA, FhP^ 
mediated introduction of DNA is Illustrated, while in 
Figiure IB, FLP-mediated removal of intervening sequences 
is illustrated.. 

Figure 2 is presented in three parts. 
Figure 2A presento schematic diagrams of the egression 
vectors pFRTiSGAJi;*, pNEO^GAL, and pOG44 FLP. Figure 2B 
presento a Southern blot of Hirt lysates prepared from 
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293 (human embryonic kidney) cells transfected with one 
nicrpgram of pMEO^GAL and varying amounts of the pOG.44 
BLP eajiression vector. Figure 2C graphically presents 
the iS-galactosidase activities in the same transf ections 
5 shovn in part B, referred to above. 
\ . Figure 3A, at the tc^, presents a 

schematic of the pattern of plasmid integration in £25 
de du c ed from Southern blot analysis. Figure 3A,* in the 
middle, presents the predicted pattern for 
.10 i9-galactosidase positive subclones of E25 if precise 

recombination across the FlP-'recombination target sites 
occurs. Figu^ 3A, at the bottom, presents the predicted 
pattern for /9-galactosidase negative, neonycin resistant 
subclones of E25B2 after FLP mediated insertion of pOG45. 
15 Figure 3B presents an analysis of genomic DKA from a cell 
line with a single integrated copy of p^opoklt (i.e., 
CVMS0^GAI/B25, designated as £25), txro derivative 
i9*-gailactosidase-positive subclones (designated as E25B1 
and B25B2) , and tvo subclones derived from B25B2 after 
20 transfection vith p0645 (designated as B2N1 and B2K2) . 

DKTATTiED QESeRXFTIOH OF TBZ INVENliXON 

25 . In accordance vith the present invention, 

there is provided a mammalian recombination system 
cosoprising: 

(i) FLF rebombinase, or a nucleotide sequence 
encoding same, and 
30 (ii) a first DBA comprising a nucleotide 

sequence containing at least one FLP 
rpcoinbl nation target site. 
^ In accordance vith another iembodiment of 

the present invention, there are provided novel DKA; 
35 constructs useful for the introduction of DNA into the 
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genome of a transf ected organism, said DMA construct 
comprising, as an autonomous fragment: 

(a) at least one FLP recombination target 
^ site, 

. ^ 0>) at least one restriction endonudease 

recognition site, 

(c) at least one marker gene, 

(d) a bacterial origin of replication, and 
optionally 

(e) a mammalian cellular or viral origin of 
Wh replication. 

In accordance with yet another embodiment 
of the present Invention, there are provided novel DHA 
constructs useful for thja rescue of DNJl from the genome 
15 of a transf ected organism, said DNA construct comprising, 
as an autonomous fragment, in the following order, 
reading ftom 5» to 3« along said fragment: 

(a) a first FLP recombination target site, 

(b) . an insert portion comprising. In any 
^0 suitable sequence: 

(1) at least one restriction endonudease 
recognition site, 

(2) at least on4 mzurker gene, 

(3) a bacterial origin of replication, 
25 and optionally 

(4) a mammalian cellular or viral origin 
. of ONA replication, and 

(c) a second FLP recombination target site in 
tandem with said first FLP recaiBbinatioh 

30 target site. ^ 

In addition, there are provided methods for the recovery 
of transf ected QHA from the genome of a transf ected 
organism en^loying the above-described constructs. 

In accordance with still axiother 

35 embodiment of the present invention, there is provided a 
method for the assembly of a functional gene . Cvhich is 
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then suitable for activation o£ escpression) , in i»»»^t>i 
cells, by riecambination of individually inactive gene 
segments derived frm one or. store gene(s) of interest, 
idierein each of said segments contains at least one 
recoQDbination target site, said method coxnprising: 

contacting said individually inactive gene 
segments vith a FLP recombinase, under 
conditions suitable for recombination to occur, 
thereby providii^ a DNA sequence vhich encodes 
a functional gexie of interest. 

In accordance vith a further embodiment of 
the present Invention, there is provided a method for the 
disnq>tion of functional gene(s) of interest, thereby 
inactivating expression of such gene(s) , in mammalian 
15 cells,, herein sed.d gene(s) of interest contain at least 

» * ' ' * 

one PIP recombination target site, said method con^rising 
contacting said gene(s) of interest vith: 

(i) a ORA segment vhich contains at least one 
FLP recombination target site, and 
20 (ii) FLP recombinase; 

trtierein said contacting is carri^ out under conditions 
suitable for recombination to occur betveen said gene and 
said DMA segment, thereliy disn^^ting the .gene(s) of 
= interest and rendering said gene(s) non-functional. • 
2^ In. accordance vith a still further 

embodiment of tiie present invention, there is provided a 
metliod f or the precisely targeted integration of mh into 
the genome of a host organism,, said method comprising: 
. (i) Introducing a FLP recombination target 
^® site into the genome of cells vhich are 

cosipatible vith the cells of the subject, 
(ii) introducing a first DNA con^rising a 

nucleotide sequence containing at least ' 
one FLP recombination target site therein 
, Into the FLP ^recombination target site in 

the genome of said cells by contacting 
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said cells with said first DNA and PLP 
recanbinase, and thereafter 
(iii) introducing the cells produced by the 
process of step (ii) iiito said subject, 
5 vherein the resulting cells and/or 

organism have the optional ability to 
have DMA r^roducibly and repetitively 
inserted into and/or recovered from the 
host cells anchor, organism. 
I» accordance with another aspect of the 
present invention, there are provided mammalian cells, 
wherein the genoxsic DMA of said cells cont^ain at least 
one FLP recombination target site therein. 

In accordance with yet another aspect of 
15 the present .invention, there are provided transgenic, 

non-human masmals, vherein said mammals contain at least 
one FLP recombination target site in the genomic DHA 



30 



In accordance with yet another aspect of 
20 the present invention, there is provided a method for the 
site-specific integration of transf acted DNA into the 
genome of the above--described cells and/or 
non-human mammals, said method coa^irising: 
(1) contacting said genome with: 

(a) FLP recoinbinase, and 

(b) a first DNA conprising a 
nucleotide sequence containing 
at least one FLP recombination 
target site therein; and 
thereafter 

(ii) maintaining the. product of Step (i) 
tmder conditions suitable for site- 
specific integration, of said DNA 
sequence to occur at the FLP 
recombination target site in said 
■ genome. 
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Zn accoriiance vith a farther aspect of the 
present ii^enticm, there is provided a method for the 
analysis of the develppment of a naiomal, said method 
comprising; 

5 (a) providing a transgenic maimnal comprising: 

(i) an ei^ression constract encoding FZf 
under the control of a conditional 
promoter, and 

(ii) a reporter construct under the 

10 control of the same or a different 

promoter, vherein said reporter 
construct encodes a functional or 
non**functional r^orter gene product, 
and iHherein said construct contains 
15 at lei^st one FLP recombination target 

site therein, 

idieriein the functional 
•ea^ressioh of the functional reporter 
gene is disnqited vhen said FliP 
20 recombination event occurs, or 

herein the functional 
eaepression of the non-fuhctional 
r^orter gene commences vhen said FCP 
recombination event ocpiirs; and 
25 (b) following the development of said mammaT; to 

det:ermine \rtiexi e3q>ression of fanction2d. reporter gene 
product cammisnces or is disrv^ted. 

In accordance vith a still farther aspect 
of the present invention, there is provided a co- 
30 transfection assay FLP-mediated recombination, said assay 
comprising: 

(a) co-transfeictlng a host mammalian cell with: 

(i) a FLP expression plasmid, and 

(ii) a reporter, plasmid coB^rising a 

35 reporter gene inactivated by the presence 
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of at least one recooDbination target site; 
and ^ 
(b) monitoring said host cell under a vcuriety 
o£ conditions for the gain of expression of fonctioiial 
5 reporter gene product, 

FLP. recoablnase is a protein which 
catalyzes a slte^speclf Ic recosiblnatlon reaction that is 
Involved in aiaplifying the copy number of the 2ft plasmid 
of S.cerevisiae during DKA replication. TLB protein has 
10 been cloned and expressed in E^^coli [see, for example, 
Oox, in proceedings of the National Acadeny of Sciences 
U.S.A. /Vol. 80: 4223-4227 (1983) ], and has been purified 
, to near homogeneity [see, for example, Meyer-Lean, et 
al., in Nucleic Acids Research, Vol. 15: 6469-6488 
15 (1987) ] • FLP reconbinases contemplated for use in the 

practice of the present invention are derived from ^ 
sf^ies of the genus Saccharomyces. Preferred 
recombinases employed in the practice of the present 
. invention aire, derived from strains of Saccharomyces 
20 cerevisiae* Especially preferred recombinases es^loyed 
in the practice of the present invention are proteins 
having s\ibsteuiti<illy the same amino acid sequence as set 
. forth in Sequence. Z.o. No. 2, as encoded, for esounple, by 
sequence I.D, No. 1, or the sequence set foarth by Hartley 
25 and Donelson, Nature 286 : 860 (1980) « 

FLP recombihatibn target site 
(sometimes referred to herein as "FRT") has also been 
identified as minimally con^rising two 13 base-pair 
repeats, separated by an 8 base-pair spacer, as follows: 

30 

— Spa^^r— 

5 * -GAAGTTCCTAXTC[I£ZaS&AA]GTAZ^^ 

3CbaI . 
-site - ' 

35 

The nucleotides in the above "spacer" region can be 
replaced with any other combination of nucleotides, so 
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long as the tm 13 base-pair r^>eats are separated by d 
nucleotides* !Che actual nucleotide sequence of the 
^acer is not critical, altiiougili those of skill in the . 
art recognize that, for some applications, it is 
5 desirable for 'tiie spacer to be asymmetric, vhile for * i 

•other applications, a symmetrical spacer can be employed. 
Generally, the spacers of the FLP recombination target 
sites undergoing recombination vith -one another will be • ■ 
the same* 

10 As sbhematicaliy illustrated in. Figure lA, 

contact of genomic DRA contzdiiing a FIiP recombination 

target site (shown as the linear Psv-BESA-G&L construct) 

with a vector containing a FLP recombination target site, 

in the presence of the protein, FLP recombinase, results 

15 in .recombination that forms a nev genomic sequAce • 

i^erein the vector sequences have been precisely * 
.. . \ 

incorporated into the genome of the host, ^e reverse of 

this process is shown schematically in Figure OB, wherein 

a genomic sctquence or construct containing two tandemly 
20 oriented FLP recombinatioh target sites, upon contacting 

with FLP, is recombined and the FLP recombination target 

site-botmded fragment is excised as a circular molecule. 

Genes of interest cozitenplated for use in 

the practice of the present invention can be selected 
.25 . ^rom genes which provide a readily analyzable fonctional 

feature to the host cell and/or organism, e.g., visible ' x - 

markers (such as #*^galactosidase, thymidine kinsi^e, 

tyrosinase, and the like) , selectable markers, (such as 

markers useful for positive and negative selection, e.g., 
30 genes for antibiotic resistance), as well u other 

* * • * 

functions which alter the pheno^pe of the. recipient . ' 

ceUs, and the like. 

*BiB first DKA eqz^loy^ in the praciblce of - . « 

the present invention can comprise any. nucleotide r 
35 sequence containing at least one FLP recombination target ' u 

site, which vill precisely define the locus at which FLP- 
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nedlated recombination will occur. The nucleotide 
sequence can cooprlse all or part of a gene of interest, 
21S veil as other sequences not necessarily associated 
with any known gene. Optionally, for ease, of later 
5 recovery of the gene of Interest (In "activated" or 
2&odif led form) , the first DNA can optionally contain a 
second FLP recoxnblnatlon target site. 

The second ONA employed In the practice of 
the present Invention Is selected from at lenat a second 

10 portion of the first gene of Interest or at least a 

portion of a second gene of Interest (Including an Intact 
form of a second gene of interest). When the second DNA ■ 
Is at least a second portion of the first gene of 
Interest, the site*speclfic recombination of the present 

15 invention may act to provide a functional combination of - 
the different portions of thB first gene of Interest. 
Alternatively, when the second DNA Is at least a portion 
of a second gene of interest, the site-specific- 
recombination of the present invention may act to provide 

20 a functional hybrid gene, which produces a product which 
is not identical with either the product of the first 
gene or the secoiid gene. As yet another alternative, 
when the second DNA is a portion of a second gene, the • 
site-specific recombination of the present invention nay 
.25 act to disrupt the function of the first gene of 

interest. Based on the nature of the first DKA and the 
second Wht as well as the mode- of interaction between 
the two, the site-specific Interaction of the present 
invention may create or disrupt a feature i^ch is 

30 colorimetrically. detectable, immunologically detectable, 
genetically detectable, and the like- 
In accordcuice with the present invention, 
assembly of a functional eaqpression unit is achieved in 
any of a variety of ways, e.g., by association of the 

35 gene qf intercist with a functional promoter, by assexobly 
of common gene fragments to produce a complete functional 
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gene (vliich, in combination with its promoter, coiiprises i 
a functional esq^ression tmit) or assembly diverse 
'gene fra^ents from diverse sources to produce a \ 
functional, hybrid gene (which, in combination vlth a 
5 promoter, coiq^rises a functional es^ression unit) , and 
the lite. U^n assembly of a functional escpression unit 
as described herein, expressicm of the functional gene to 
produce a protein product can be activated in the usual 
..manner. In the absence of FLP-mediated recombination, 
10 activaticm of esqiression. would fall to produce a' 
functional protein product. 

In accordance with the present invention, 
dis-2LSsembly of a functional expression unit is achieved 
in any of a variety of ways, e.g., by dis-assoclating the 
15 gene of interest from a functional promoter, by dis- 
assembly (e.g., disn^tion) of the functional gene (e.g., 
by introduction of DNA tdiich renders the entire sequence 
non-functional), by removal of a substantial portion of 
the coding region of scd.d gene, and the liJce. Upon dis- 
20 assenibly of a functional expression unit as described 
herein, expxressibn of the functional gene product under 
the. c ond i t ions required prior. to gene dis«-assembly is no. 
longer possible. The ability of the expression unit to 
be activated for expression has therefore been disrupted. 
25 a3ie gene in this situation can be said to be inactivated,, 
since activation of e:q>ression is not possible. 

Individually inactive gene segments 
contes^lated for use in the practice of the present 
invention are fragments which, alone, do not encode 
30 functional products. Such fragments can be derived from . 
a first gene of interest alone, or from both a first, and 
second gene of interest Wh fragments. 

Khen gene inactivation is desired, the . 
gene, of interest can be disrupted with a DKA fragment 
35 which .throws the gene of interest out of reading frame 

(e.g., an insert wherein the number of nucleotides is not 
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a soiltlple of 3). Alternatlveay, the gene of interest 
can be disrupted with a fragment vhich encodes a segment 
which is substantially dissimilar with the gene of 
i n terest so as to render the resulting product non- 
5 functional. As yet another alternative, the gene of 

interest can be .disnqpted so as to dis-associate the gene 
of interest from the transcriptional control of the 
promoter with vhich it is normally associated « 

13ie introduction of DNA, e.g. , mh 
10 encoding FIiP recombination target sites, into the genome 
of target cells can be accomplished ea^loying standard 
techniques, e.g., transfection, microinjection, 
electrpporatlon, infection vith retroviral vectors, and 
the lito. 

i5 Introduction of protein, e.g., pi,p 

rec omb i n ase protein, to host cells ancVor organisms can 
be accomplished by standard techniques, such as for 
exao^le, injection or microinjection, transfection vith 
nucleotide sequences encoding FLP^ and the liXe. 

20 When esq^iloyed for gene therapy of an 

intact organism, introduction of transgenic cells into 
the subject is accoo^lished by standard techniques, such 
as for eocample, grafting, implantation, and the like. 

Mammalian cells contes^lated for use in 

25 the practice of the present invention include all members 
of the order Mammalia, such as, for eacample, human cells, 
mouse cells ^ rat cells, monkey calls, hamster cells, and 
the like. 

Host organisms conteB^>lated for use in the 
30 practice of the present invention include each of the 
. organism types mentioned above, vith the proviso, 
however, that no. claim is made to genetically modified 
human hosts (although the present invention contemplates, 
methods for the treatment of humans) . 
3^ Once FLP recombinase (or D91A encoding 

same) and OKA. containing at least one PLP recombination 
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taxget site have been Introdoced into suitable host 
cells/organisms, the cells/host ozganisms are maintained 
under conditions suitable for the site-specific 
recombination of Su^ conditions generally involve 

conditions regoired for the viabili^ of the host cell or 
organism. For in vitro loanipulations, conditions 

qoloyed typically involve lov concentrations of a 
variety of buffers having a ^ of between about 5-9 and 
ionic strengths in the range of about 50-350 siH. . See, 
10 for exai&ple, Senecof f , et al. / in Journal of Holecnlar 
Biology. Vol. 201 2 405-421 (1988). 

In accordance with a particular aspect of 
the preset innrention, a co-transfection assay has been 
developed vhiich can be used to characterize. FLP-mediated 
15 recombination of extradhranosomal WOl in a variety of 

cell lines. Cells are co-tremsf ected vith an expression . 
. construe and a "rqmrter" plasmid that is a substrate 
for the recombinase. !Ehe expression construct encodes a 
FIiP recombinase protein. a!he re^rter plasmid encodes 
20 either a functional r^orter gene containing at least one 
recdinbination target site therein, or a non-functional 
reporter gene containing at least one recombl nation 
target site therein. Upon expression of TLB by the. 
expression construct, the functional reporter gene will 
25 be rendered non-functional, or the non^functional 
. r^orter gene vill be rendered functional. Thus, the 
activity of the eaqiression construct can be assayed 
either by recovering the r^osrter plasmid and looking for 
evidence of recombination at the DKA. level, or by 
30 preparing cytoplasmic extracts and looking for evidence 
of recombination at the protein level (i.e., by 
measuring the expression of rc^rter gepe activity 
generated by the recombined reporter) • Such assays are 
described in greater, detail in Eacas^le 1 belov. 



J 



ft 



oaie invention vill nov be described in 
greater detail by reference to the folloving non-liadting 
exas^les. 



Exas^le 1' 
Co*-tran8f ection Assays 

fEhe co-transf ection assay used to 
characterize FliP-nediated recombination of 
extracfaromosonal WK involved transfection of cells with 
an esepression construct and a "reporter" plasmid that was 
a substrate for the recpDbinase. Tha activity of the 
ejq>ression construct . could be assayed either by 
recovering the reporter plasmid and looking for molecular 
evidence of recombination at the pNA level, or by 
pireparing cytoplasadc extracts and looldLng for evidence 
of recpmbinatioh at the protein level (i.e., by measuring 
^*-galactosidase activity generated by recoipbined 
reporter). 

The pNEO^GAL reporter plasmid used for 
these assays was derived from pFRT^GAL (Fig. 2A) . In the 
Figure, half-narrows indicate positions of FLP 
recombination target (FRT) sites; B and S designate EcoRI 
and Seal restriction sites, respectively; Psv designates 
early promoter, from SV40; BSTA-G&L designates the ^• 
galactosidase structural sequence; NEO designates 
neoaycin eaepression cassette; Pcnv designates the 
cytomegalovirus immediate early promoter; IN designates 
an intron; FIP- designates a FIiP coding sequence; AN 
designates an SV40 adenylatipn cassette; thin lines 
represent vector sequences; and the sizes of restriction 
fragments are indicated in kb. . 

pFSaifiGkL contains a version of the 
bacterial /i-galactbsidase sequence modified, by insertion 
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of a FLP recanbinatlon target site, or FRT, vithiyr the 
protein coding segaence immediately 3* to the 
translational start. The oligonucleotide used for the 
constructioxi of pFTUBBGAIi was: 

• 5 . 

vhiis oligonucleotide contains an in-frame start codon, 
10 minimal FRT site, and an additional copy of the 13-bp FRT 
r^eat [•XXX*]? the Xbal site within the FRT spacer is 
enclosed in parentheses. !I3ie linker was inserted between 
the BamHX and HindXXX sites of pSKSlOS (H.J. CasBidaban, 
A* Hartin-Arias, Shapira, and J. Chou, UAEn^fmoL 

15 loo, 293 (1983)) and the LacZ portion of modified gene 
was cioned into a. pSV2 vector. 13ie neomycin cassette 
used for construction of pNBQPGAIi was an XhoZ to Banfil 
fragment from pUdneo-polyA (K« ThoTnas and K. Capecchi, 
Ceff £1:503 (1987)) cloned between copies of the J3 FRT 

20 . site in pUC19. 

The FRT consists of two inverted 13-b2ise- 
pair (bp) repeats and ah 8-bp spacer that together 
coiqirise the inlnimal FRT site, plus an additional 13-bp 
repeat irtiidh may augment reactivity of the mlnfmal 

25 substrate, !Che i9-galactosidase translational reading 
frr^wft was preserved xspon insertion of the FRT site, and 
the resulting plasmid, pFRT^GAL, generated robust 
activity in mamnialian cells (liable 1) • 

pNEO^GAL was constructed by cutting 

30 pFSafiGkL in the mj4dle of the FBT site with Xbal and then 
inserting an Xbsil fragment consisting of two half-FRT 
sites flanking a neonycin transcription unit. This 
created intact FRTs on either side of the neonycin 
cassette and rendered the /3^-g2d.actosidase transcription 

35 unit inactive . (Table 1) . Precise FLP-mediated 

recombination of the FBTs caused the excission of the 



necnDYcin cassette, recreated the parental pPBT^GAL 
plasnid, and restored ^-galactosldase escpression. 

Co-transfection of cells with a fixed 
amount of pHBO/JGAL reporter plasnid and increasing 
5 mounts of the pOG44 FLP expression vector generated 
increasing aaountflf of recombined reporter plasnid and 
consequently, increased levels of /9-galactosidase 
activitgr. Molecular evidence for FlP-^ediated 
recombination was obtained by recovering plasmids 36 
0 hours after transf action, followed by endonuclease 
treatnent (with BcoRl and Seal) and Southern blotting 
(see Fig. 2B; employing as a probe the fragnent of 
PPKP^GAL indicated at the top of Fig. 2A) . Lysates of 
cells from cotransf actions that included the pOG44 FJJP 
eatpressipn vector shoved a. signal at 5.6 kb, the position 
at vhich recombined reporter (equivalent to pFRT^GAL) 
would run, and a 3.2 )db signal that was generated by 
unreconbined pNEO^GAL reporter (Fig. 2A) . Tha S.6 ld> 
band intensity was proportional to the amount of FLP 
expression plasmid Included in the transfection. !Che 5.6 
kb band was not seen i^ cotransf actions in which a non- 
FLP plasmid was substituted for the FEP expression vector 
(Fig. 2B) or in ti?uisfections that: contained only pd644 
(and no reporter plasmid) . pOG44 generated additional 
signals at 2.2 Icb and 2.8 Jcb because the plasmid used in 
its construction contained Ecoia and EcoRl-Scal fragnients 
of . such length. 

- ' ■ ' ( 

p0644 consists of the cytomegalovirus 

immediate early promoter from pCDMS (see Aruffo and Seed 

in Proc. Natl Acad. Scl. , USA M: 8573 (1987)], a 5« 

leader sequmce and synthetic int!ron from pMLSIScat [see 

Huang and Gorman in Nucl. Acid^ Res. la: 937 (1990)], the 

FLP coding sequence (bp 5568-6318 and 1-626 of the 2/na / 

circle, [see Hartley and Donelson, Nature ZS&i 860 

(1980) J and the SV40 late regioii polyadenylatidn signal 

from pHLSIScat. The following silent nucleotide 



wo 92/15694 



PCr/U592/D1899 



-20- 

substltetlons vere introdaced' into the structur al TLP 
sBqaencB tising the polymerase chain reaction: C for T at 
position 5791,. 6 for A at 5794, 6 for C at 5800, C for T 
at 55, G for A at 58, and C for T at 103. OThese changes 
5. eliminated three cannphical AAXAAA polyadenylation 
signals and introduced a PstX restriction site without 
altering the amino acid sequence encoded by the 
nucleotide sequence* p0^8' consists of a murine cDtd for 
dihydrof olate reductase cloned into pOSMd. (Aruf f o and 
10 Seed, supra) • , 

In the same samples, ^-galactosidase 
activity vas also proportional to the amount of TLB 
eaqaression plasmid included (Fig. 2C) • . Only bacdcground 
activities vere observed in cotransf ections that included 
15 a non-FCP control plasmid (Table 1) or irtien p0644 alone 
vas transfected. !I!he experiment thus provides both 
molecular and biochemical evidence for precise FLPr 
mediated recombination in mammalian ceils* 

.'- Table 1 presents /9-galactosidase 
20 activities in cotransf action assays of 293, CV-1, and F-9 
cells. Positive control transf ections (pFRT/9GAL) 
included 1 ^9 of pFBT^GAIi and 18 pg of. the p0628 non-FIf 
control plasmid; negative control transf ections 
(pHEOi?GAL) included 1 fig dt pHE0/3GAL and 18 fig of the 
25 p0628; and experimental transf ectiozis {pmx>fiWL + FLP) 
contained 1 fig of pSEOpGAIs and 18 fig of the p0644 FIP 
ea^ression plasmid (Fig. lA). The column headed by "t** 
shows the pNEO^GAL + FLP values as a percentage of the 
pFST^GAL positive control. Each value represents the 
30 mean for six plates from two experiments. Standard 
errors are in parentheses. Neither p0628 nor pC>G44 
generated ^-galactosidase activity when transfected 
alone. All . transf ections contained 1 ^ of pRSVL [de Wet 
et al., Mdl. Cell. Biol. 2s 725 (1987)] to correct /?- 
35 galactosidase activities for 'relative transf action 
efficiencies. 
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Subconflueixt coltores of cells In lo ca 
dishes and grown in Dulbecco's modified Eagle's medium 
(DHEM) and 5* C£af serum were transfected by overnight 
^ exposure to calcium phosphate precipitates (Graham et 
5 al., Virolcsgy l£:59 (1979)] and then split 1:4. After 24 
hours incubation, one plate of each transf action was 
harvested by Hirt extraction [Ji Mol Biol. 2£:365 (1967)] 
and a second plate was used to prepare cytoplasmic 
extracts [de Wet et al., mpa]. Approximately 5% of the 
10 DNA recovered from single plates was used for Southern 



25 



35 



40 



described by Hall et al., in J. Mol. Appl. Genet. 2:101 
(1983)]. Lucif erase activities generated by the 
inclusion of 1 ^ of pEiSVL (de Wet et al., supra ) in all 
15 transf actions w^re used to correct ^-galactosidase 

activities for relative tnmsfection efficiencies. l!he 
eaq>eriment was repeated twice Vith similar results. 

. TABia I: /?-G AIAC TOSiDASB A CTIVITIE S (DIOTS/ MG EROTEIN) 
20 IN GOTRAMSFEi^TED- CELLS 



CELL LDIE TRANSFECTIONS % 



pFRT/^GAL pHBOfiGMs pMEO^GAL 

+ FLP 



30 293 30.4(1.9) 0.17 (0.02) 14.2 (2.2) 47 

275 (25) 0.33 (0.06) 22.6 (1.2) 8 
P9 24.8 (4.3) 0.04 (0.01) 1.88 (0i02) 8 



FLP activity has also been demonstrated in 
monlcey Udney (cv-1) and mouse embryonal carcinoma (F9) 
cells. In Table 1, the^-galactosidase activity in the 
.*'pFKT^6AL" transf actions represents an estimate of the 
expression esqpected if ail the pNEO^GAL in a co- 
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'transfection vere SjtmedLatelY reccnobined. Hib highest fi'- 
. galactosldase expression in co*-transfectlons enploying 
p^EDfiQkL plus p0644, relative ta pFBTfiQkL transfected 
cells, yas 47t, seen in 293 cells. This is a remarkable 
5 level considering that, /J-galactdsidase es^cession ' * 

required botii F£P eaq^cessiour fdlloved hy reconibination 
of pNEO^G&L, to produce a construct, capable of eaqiressing 
/g'i'gaJ.actnsidase, Oo^transfeetions of C7-1 and F9 cells 
generated 8% of the activity seen in the pFRT^G&Ir 
10 transf actions. Even at this lover relative activity, 
cdtransfected csells vere readily dbserved in - 
histochemical reactions for ^-galactosidase activity. 

15 . . • Enaple 2 . 

FLP-Uediated Removal of Intervening Seqpiences 

If the invexttion mettipd is to be widely 

ap|»licable, for example for gene activation in transgenic 
20 masmals, the ability of FLP to faithfully promote precise 

recombination at FLP recombination tzurget sites contained 

in the mammalian genome is required. Such ability is 

demonstrated in this example. 

Cell lines that contain single integrated 
25 copies of pNBO^G&L (designated CVHBO^GAVS) vere produced 

by transf acting CV-1 cells with linesuilzed plasmid by 

electrqporation, then isolated by selecting 6418- 

resistant (G418^ transf ectants that stably expressed, the 

neqoQfcin cassette, and finally identifying single copy 
30 lines by Sfouthem blot analyses (Fig. 3}.. As previously 

shown for other integrated cons tru c t s with similarly 

short direct repeats,, the chromosomal FR3?s did not 

spontaneously reconbine (iii the absence of FCP) to' : 
produce a /9-galactosidase-positive (^G^ ) phenotype at I 
35 detectable frequencies (Table 2). ' 
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Transient escprasslon of FLP in the 
cvMEO^GAlyrs lines (by transiently transf ecting with the 
pOG44 FLP ej^ression vector) proaotea a rapid conversion 
. to a ^GAL^ pheno^fpe. When five different lines were 
5 transiently tranisf acted with the p0644 FLP e:q>re88ion 
vector, /J-galactosidasd activities at 36 hours vera 40 to 
lOO-fbld higher than those seen in replicate plates 
transf acted vith a non-FLP plasaid (Table 2) • . At 4a 
hours after transf action histocheaical processing shoved 

10 snazxy positive cells (Table 2).* 

Table 2 presents the ^-galactosidasa 
phenotypes of CVHEO^G&I/E lines, %mich contain a single 
copy of . the ^-galactosidase inactive reporter, pHEO^GAL, 
after transfection vith FLP es^ression (p0644) , non-FLP 

15 negative control (p0628) or ^-galactosidase positive 

control (pFKT^GAL) plasaids. The pFRT^GftL transf ections 
included l/ig of pFRT^GAL emd IS^g of p0644; Other mixes 
contained 20/ig of the indicated plasaid. /9-galactosidase 
activities are laean values for triplicate transf ections 

20 performed as described for Fig. 2 and assayed 36 hours 
after removal of precipitates; standard errors for the 
pOiS44 transfections vera less than 10% of the mean. The 
perc^t positive vas determined by scoring more than lo' 
cells after transfection and hlstochemical processing as 

25 described by de Wet et al., supra . 
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XABLS 2 

^-GAIACTOSIDASB PHEmmPES OF 
TRANSFECTED CVNEO^GAL CELL LINES 



9 


LIHB 


(unlts/jng protein) 


PERCENT POSITT 


7E 


10 




p0628 


p0644 


p0^8 


PFRT/96&L 


pOG44 




K6 


0.24 


11.2 


Of 

• 


8.7 


6.1 




B25 


0*21 


16.7 


Of 


17.1 


12.4 


15 


E26 


0.18 


7.2 


Of 


19*5 


15.4 




E14 


0.28 


13.1 


ND 


ND 


ND 




£22 


0.09 


9.6 


ND 


ND 


ND 




fNo pa 


fsitive cells i 


tfere fomid 


among >10^ 


cells examined. 



20 ND: Not done. 



To provide some estimate of the efficiency 

25 of recombination, an additional set of replicate plates 
were transf ected vith the pFBTfi&L ^-galactosldase 
expression vector. Conpsudng the fractions of cells that 
were /9G&Lf in the pFBTfiOUi and in the p0644 transf ections 
(assmning similar transf ection efficiencies) suggests 

30 that most (70-80%) of the cells transf ected vith p0644 
were comrerted to a fiGM^ pheno^^e (Table 2) • The 
cois$>ardLson midoubtedly nnderestimates/ the efficiency of 
FiUMBiediated excision. Whereas many copies of a 
functional i9-galactosidase gene were available for 

35 immediate transcription in the positive controls, - 

recombination may have occurred shortly before harvest in 
some pq644-*transf ected cells. In the^e cases the single 
re€»mbined reporter gene xsay not. have generated enough 
^*-galactosidase by the time of harvest to render the 

40 cells positive in this assay. 



ThB PGkl^ phenotype was passed on to all 
descendents of many FLP-converted cells. Positive 
colonies vere formed during prolonged eo^ansion of 
individual colonies. Entirely negative colonies and 
nixed colonies vere also observed. Mixed colonies would 
be e3q>ected if recrabination occurred after mitosis in 
only one descendent of a transfected cell, or if 
recQSDbined and unrecoabined cells mixed at replating or 
during subsequent grovth. Indeed, the pbysicfal 
segregation of phenotypecf evident in most mixed colonies 
suggested that they were coa^osed of stably positive and 
negative lineages. 

The coxxelatlon betveen ^-galactosidase 
expression and recombination at FE^ sites was examined by 
comparing the structure of the integrated pNEp/96AL 
sequences in tvo fiGhl!^ subclones to the parental line. 
cmBOfiGkL/EZ5 (106) cells were transfected with the p0644 
PIiP expression vector and subcloned 12 hoiirs after 
removal of the precipitate. After histochemical 
screening, two ^GAZi subclones (E25B1 and E25B2} were 
expanded for further analysis. In Southern blots of 
genomic DMA from both subclones, the pattern of 
hybridization matched that expected for FlP-mediated 
recombination of the FRT sites in the parental line (Pig. 
3) . While recombination products have not been recovered 
and sequenced, these Southern analyses and the. fact that 
activation of /9-galaetosidase expression required 
creation of a functional translational reading frame 
indicate that FLPrmediated reconbinatlon was precise. 
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Bxanirle 3 
FLP Mediated Recombination of FRT 
on an SactrachraDosopal Molecole With a 
Cbronosomally Integrated FRT 

5 

. Reversal of the process described in the 

previous Exas^ile, i.e., the FlP-mediated recombination of 

'J 

an FRT site on. a plasmid with a Chramososally integrated 
FRT site, can be used to target the integration of 
10 . transf ected plasnids to specific genomic sites. To 
determine the frequency at iihidh this occizrs, 6418- 
sensitive^ /7G&L^ S25B2 cells were co-transf ected with the 
p0644 FI^ e3q;>ression vector and a plasmid, piOG45, that 
contained a neos^in resistance gene e3q>ressioh cassette 
15 and a single FRT. p064& consisted of the neongfcin 

resistance cassette and 3' FRT from pNE0)3GAL cloned into 
pUC19. 8 X lo' CVNEO^G&L cells vere transf ected by 
electroporation in 800 lil of saline containing 40 /eg of 
p0644 and 0.1< ftq of either p0645 or, for a negative 
20 control, p0645A (vhich vas derived from pOG45 by deleting 
a 200 bp fragment containing the FBT) . 

6418^ subclones (designated B2H) from three 
transf ections that had stably integrated pOG45 were 
histochemically stained for /i-galactosidase activity and 
25 more than half (104 of 158, or *66%) vere either entirely 
/9-galactosidase-ni^rative (/?G&L*} or predominantly fiGAL 
with a few dusters of ^GAlT cells. The remaining 
colonies vere fiGAI^. With continued passage as dispersed 
monolayers, the fraction of ^GAL^ cells in the mosaic 
30 lines rigidly diminished. This suggested they vere 6418* 
sensitive cells that initially survived because of their 
proximity to resistant cells; this vas confirmed, by . 
reconstitution experiments. All of the 55 colonies 
f ozmed after parallel co-transfections of pOG44 and a 
35 derivative of p0645 (pOG45A) that lacked an FRT vere 
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The correlation between loss of 
^-galactosidase activity and recombination between 
plasmid and chromosoaal PRTs, vas esouained in Southern 
analyses. Because the PRT and neonycin cassette of p0645 
5 were derived from the neomycin cassette and 3* FKT of 
pNBO^GAL (Pig. 2A) , recombination of the plasmid FRP with 
the E25B2 chromosomal FRT regenerates the 3.2 U» EcciRI 
fragment of the originea CVHE0/96&VE25 parent. 
Mditionally, the 8.5 kb junctional fragment of 

10 CVllBa^G&VB25 shifts to 12.0 Kb because pOG45 is 3.5 Jtb 
larger than the neomycin cassette of pHBOfiGAL* TbB 3.2 
kb EGciBX fragment and the 8.5 kfo junctional fragment were 
observed in each of the 10 cell lines analyzed after 
initial histochemical classification as or mosaic, 

15 as shown for two such lines in Pig. 3B. In contrast, 
e^ch of the four 0GhIi¥ colonies examined by Southern 
analyses shoved that pOG45 bad integrated at a random 
site. 

These data show that PliP-^ediated 

20 redambination will target tie integration of transf acted 
DMA to a specific chromosomal site at frequencies that 
exceed those of random integration, and that the event 
can be marked by the alteration in gene activity at the 
target site. The efficiency of targeted integration can 

25 be increased by standard optimization techniques, such as. 
for exsBsplB, by using ratios of the integrating plasmid 
and FLP e3q?res8ion vectors different from- the single 
ratio mixture used here, or by using FRP mutations in the 
plasmid and cfairamosoiiial sites to decrease the frequency 

30 with i^ch successfully integrated plasmids are 
subisequently excised. 

lOiile the invention has bean descnribed in 
detail with reference to. certain preferred embodiments 
thereof, it will be understood that modifications and 

35 variations are within the spirit and scope of that which 
is described and claimed. 



-28- 

. .SUHMfiSY OF SEQDEKCBS 

Sequence X*D* No; 1 is the ai^roadaately 
1450 base-pnir seqaence encoding a PLP recossbinase 
5 conteiaplated for use in the practice of the present 
innr^tion, as veil as the aaino acid seqaence deduced 
therefrom* 

Seqaence I.D. No. 2 is the aaino acid 

seqaence deduced from the nucleotide seqaence of Sequence 
10 ID No. 1. 
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CE IXSTZH6 



(1) Gl 



<1) AFFLXGANT: HAHL, JUL, GEOmEY H 

O'GGBMAl} SR. STBEBEET V 



(11) TITLB OTyVSmmm: FLP-^5ATm_OTHB ITODinCATION IN 
HAHnAIaXAN CEtXSg AMD 



i:i:«:4:4:itt: 



SmOHS AHD CELLS USEFUL 



(111) H 



OF SBQDEHCES: 2 



(Iv) OQRRESFQNDEHCB ADDRESS: 

(A) ASmSSSEB: FUCH^ EVER, XABIH & FLAKHEE7 

(B) SlHZgr; 135 Sooth LaSallA Street, Suite 510 

(C) CITY: Chicago 
\Pl STAIB; I lllnoig 
(£) OOUHTRY: USA 
(F) ZIF: 60603 



(V) 



rm RRAnART.R mm: 

(A) MEDIUM TO E: Floppy disk 

(B) CQMFUIER: IBM FC eoxapatible 

(C) 0PEEATIK6 SYSTEM: FC-D05/MS-D0S 

(0) SOFTO&HS: FatentIn Release #1;0, Version #1.25 



<vi) 



•111:4 



T AFFLIGATIQN DATA: 



(A) AFFLZGAnON flUMBER: US 

(B) . FILING DATE: 
(G) GLASSIFIGATZQN: 



(VUI) AXTDBHEY/AfiEHT. INFORMATION: 

(A) NAME: REITER MR, STEFBEN S 

(B) REGIS TRATION NDMBER: 31192 

(C) REFERENC^/DOCKSr NQMBER: 50730 ' 



(ix) TELEOCSfMUNICATION INFORMATION: 

(A) TELEFHONB: (619) 552-1311 

(B) TELEFAX: (619) 552-0095 

(C) TELEX: 20 6566 FATLM7 OGO 
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(2) INFQBMmQII FOR S£Q ID HO:X: 

(i) SEqpK HQB Ca &RACIEHISTI(S: 

(A) -LBSGm: 1380 base pairs 

(B) TSFE: mtclB ifi odd 

(C) STRASDEDRESS: six^e 
CD} 1010X067: linear 

(11) HOLECOIJB TIFB: DSA (genomic) 

(vii) TMHKDTATK SGP RCE: 

(B) CLQHB: NATIVE FL2 

(ix) mXORB: 

(A) NAM^/KEST: CDS 

(B) UOGAnOS: 1..1269 

(xi) SEXglESCB DESGSIFIIGB: SBQ ID B0:1: 

AI6 CCA GAA IIX GAT AXA TEA TGT AAA ACA CCA CCT AAG GIG CTT GTT 48 
Met £ro Gin Pha Asp He Leu Cvs Lys T&r Pro Fro Lys Val Lea Val 
1 5 10 15 

CGI GAG TTT GIG GAA AGG TIT GAA A6A CCT TCA G6T GAG AAA ATA GCA 96 
Arg Gin Phe Val Gld Arg Phe Gla Ag Prp Ser Gly Glu Ljs He Ala 

TTA TGT GCT GCT GAA CIA ACC TAT TTA TGT TG6 ATG AIT ACA CAT AAC 144 
Leu Cys Ala Ala Gla Leu Thr Tyr Leu Cys Trp Ket He Thr fiis Asn 
35 ' 4o 45 

GGA ACA GCA ATC AAG AGA GCC ACA TTC AIG AGC TAT AAT ACT ATC ATA 192 
Gly Thr Ala He Lys Arg Ala Thr Phe KeC Ser Tyr Asn Thr He He 
50 55 60 

AGC AAT TOG GIG ACT TTC GAT ATT GTC AAT AAA TCA CTG GAG TTT AAA 240 
Ser Asn Ser Leu Ser Phe Asp He Val Asn Lys Ser Leu Gin Phe Lys 
65 .70 h io 

TAC AAG AC6 GAA AAA GGA AGA AIT GIG GAA GOG TCA TTA AAG AAA TIG 288 
Tyr Lys Ihr Gin Lys Ala Thr He Leu Glu Ala Ser Leu Lys Lys Leu 

85 90 95 

ATT GCT GCT TGG GAA TIT ACA ATT ATT CCT TAC TAT GGA CAA AAA CAT 336 
He Pro Ala Trp Gin Pha Ibr He He Pro IVr IVr Clr Gin Lys His 
.100 105 HO 

CAA TGT GAT ATC ACT GAT ATT GTA ACT AG! TIG CAA TTA CAG TIC GAA 384 
Gin Ser Asp He Ihr Asp He Val Ser Ser Leu Gin Leu Gin Phe Glu 
115 120 125 

TCA ICG GAA GAA GCA GAT AAG GGA AAT AGC CAC ACT AAA AAA AIG CTT 432 
Ser Ser Glu Glu Ala Asp Lys Gly Asn Ser His Ser Lys Lys Met Leu 
130 ■ 135 • 140 

AAA GCA CIT CIA AGI GAG GGT GAA AGC ATC TGG GAG ATC ACT GAG AAA 480 
Lys Ala Leu Lea Ser Glu Gly Glu Ser He Trp Glu He Thr Glu Lys 
145 150 155 160 
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528 



624 



He Leu Asn Ser GXu T]^ Ihr Sor Arg Phe thr Lys Thr Lys ihr 

170 

?^ S*^ ?^ ^ ^ AXC AAX TGT ACA TO 576 

Uu lyr Gin PhB Utt Phe Uu Ala Ihr H» lie ^ 

2f ^ ?^ S?^ ^ ^ ™ ^ ™ «C CAA ^ 

Ser Asp He Lye Asn Val Asp Pro Lys Ser Phe Lys Leu Val Gin Asn 

200 205 

^I^5^5?^^^^<^OTm6reACAGACACAAACACA 679 
Lys Tjr Cly Val lie lie Gin Cys Lett Val ^ Si Tte 

' '220 

^ ?2 ^ St£ 55£ 5*^ 5* CCA ^ AGO AIC GAT 720 
III V*l Ser Arg Hi. Ug Tirr Hmi Sh« S« Al* Arg dy Arg !!• ^ 

CCA CIT 6I& Itf ne GAT 6AA TIT TTGAfiCAAITCTGAACCAGTCCTA 
Prol4mV.lTyrl«uA.pGl«PtieUttAr5A8asSGta^^S^ 

2*5 . 250 255 

T^S^S!ft**^iFg?CAAITCTtCAAGCAAIAAACACaAATAC 
Ly« Arg Val A|n Arg Bar Cly Asa Sn Ser Ser A«n Lys Gin Clu 1^ 

270 

CAAmmAAAGATAACTia.GTCAGATCCTACAAIAAACCrTTGAAG 8£& 
Gto>tt l« Ly. Asp Asa Uw. Arg Ser Tyr Asn ^ Si. S« 

AAA AAT GCC CCT TAT TCA AIC TTT CGT AIA AAA AAT GCC OVl AAA ^ 
.IysA^Al«Prol5nrSer|UPbeAl.Il.Lys^^^^iS 

m f ^ S?* ^ £F *^ TCA "J ciT TCA AIG AAC GGC CIA 960 
Hl| He Gly Arg His Uu Het Bar Ser Ph. Leu Ser Mot ^ ^ ^ 

ACC GAG TIG ACT AAT GTT GTC OGA AAI TG6 AGC GAT AAC CCT CCT TCT inna 
Ihr Glu LBU ttr A« va V.1 Gly Asn gg S« ^ iJS S S 12 

335 

f?f ff' ^ if* 2^ C*C ACA CCA ATA CCT GAT 1056 

Ala Val AU Arg Tte Ihr lyr Thr His 61a li. Ihr Ala aS 
3*0 . 345 350 

fi5f5SS2^?f*F*S*7?'?*^"^<'CAI^CATCCAAIATCA 1104 
His lyr tte AU l«i Val A^ lyr Tjrr Ala Tyr Aso Pro Ue Ser 



768 



816 



355 365 -'- ' 36$ 

l£ tit S5t P ^ CCA A" CAC GAG TCG 1152 

Lys Glu Het He Ala Leu lys Asp Glu Bur Asn Pro He Clu Glu Trp 
■ 3/5 380 

^ §ff «t S?® f*^ SF *CT CCT CAA GGA AGC AIA OGA TAG 1200 
Cto His He Glu Gla Uu Lys Gly Ser Ala Clu Gly Ser He Arg TW 
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COC GG& IOC AAX GG6 AZA TCk CAD GAG G1A CIA G&C TAG GIT TCA. 1248 
Pro Ala Ttp Ash Gly He He Ser Gin Gla Val Lea Asp IVr Lea Ser 

405 410 • 415 

TCC TAG AIA AAT AGA OGC AIA TAAGIAOGCA TTTAAGCATA AAGACC^IACT 1299 
Ser Xyc He Asa Arg Arg He 
420 

AXGCGGIXCr ICXCAIGIAX ATATATATAG AGGCAACAG6 CAGATATAGG IGCGACGIGA 1359 
ACAGIGAGCr GIAIGIGOGG A 1380 

(2) TNFnRKATKar FOR SEQ ID Hd:2: 

(1) SEtjUfa CK CHAR ACTERISTICS ; 

(A) IS9GIH: 423 amino adds 



(B) TXFE: amino acid 

a>) 



JOVQlOGIz liTwar 

- - (11) WOLBCaiZ TXFE: protein 

(ad) SEQDEBCS DESGSIFXIOH: SEQ ID BD:2: 

Met Pro Gin Phe Asp He Lea Cys Lys Thr Pro Pro Lys Val Lea Val 
1 5 10 15 

Arg Gin Phe Val 61a Arg Phe Gla Arg Pro Ser Gly Gla Lys He Ala 

20 25 30 

Lea Cys Ala Ala Gla Lea Tfar Tyr Leu Cys Trp Met He Thr His Asn 
35 ' 40 45 

Gly Thr Ala He Lys Arg Ala Thr Phe Het Ser I^ Ash Thr He He 
50 55 60 

Ser Asn Ser Leu Ser Phe Asp He Val Asn Lys Ser Lea Gin Phe Lys 
65 70 75 80 

tyr Lys Thr Gin Lys Ala Ihr He Lea Gla Ala Ser hea. Lys Lys Lea 

85 90 . 95 

He Pro Ala Irp . Glu Phe Thr He He Pro Tyr Tyr Gly Gin Lys His 
100 105 HO 

Gin Ser Asp He Thr Asp He Val Ser Ser Lea Gin Lea Gin Phe Gla 
115 120 125 

Ser Ser Gin Gin Ala Asp Lys Gly Asn Ser Bis Ser Lys Lys Met Lea 
130 135 140 

Lys Ala Lea Leu Ser Glu Gly Glu Ser He Trp Glu He Thr Glu Lys 
145 150 155 160 

He Leu Asn Ser Phe Glu Tyr Thr Ser Arg Phe Thr Lys Thr Lys Thr 

- 170 175 



165 
Lea 

180 185 ~ 191 



Lea lyr Gin ^e Leu Phie Leu Ala Thr Phe He Asn Cys Gl^ Arg Phe 
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Ser Asp lie Lys Asn Val Asp Pro Lys Sex Ffae Lys Leu Val Gin Asn 
195 200 205 

Lys lyr Lea Gly Val lie lie Gin Cys Leu Val Thr Glu Thr Lya Ihr 
.210 215 220 

Ser Val Ser Arg His lie Tyr Fhe Eha Ser Ala Arg Cly Ar« lie « 

225 .230 235 2 




Pro Leu Val lyr Leu Asp Glu Pbe Leu Arg Asn Ser Glu Pro Val Leu 

245 250 255 

Lys Arg Val Asn Arg Thr Gly Asn Ser Ser Ser Asn Lys Gin Glu Tyr 
260 265 270 

Gin Leu Leu Lys Asp Asn Leu Val Arg Ser Tyr Asn Lys Ala Leu Lys 
275 280 285 

Lys Asn Ala Pro Tyr Ser Ue Phe Ala He Lys Asn Gly Pro Lys Ser 
290 295 300 

His He Gly Arg His Leu Het Thr Ser Pbe Leu Ser Het Lys Gly Leu 
305 310 315 ^ 320 

Thr Glu Leu Thr Asn Val Val Gly Asn Trp Ser Asp Lys Arg Ala Ser 

325 330 ' , . 33S 

Ala Val Ala Arg Thr Thr Tjn: Tbr His Gin he Thr Ala He Pro Asp 
340 345 350 

His Tyr Phe Ala Leu Val Ser Arg Tyr Tyr AU T^r A|| Pro He Ser 

Si? ^» ^ Asp Glu Thr Asn Pro He Glu Glu Trp 

370 - 375 380 . . 

Gin His He Glu Gin Leu Lys Gly Ser Ala Glu Gly Ser He Arg 
385 .390 395 

Pro Ala Trp Asn Gly He He Ser . Gin Glu Val Leu Asp Tyr Leu Ser 

405 . 410 415 

Ser Tjrr He Asn Arg Arg He , 

420 \ 
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THRT WHICH IS CTATKKT) IS: 

1. A Tna-ntmalian recombination system 
. conprisizig: 

. 5 (1) FLP recombinase, or a nadeotide sequence 

^ encoding same, and 

• (ii) a first coonprising a nucleotide 
sequence containing at least one FLP 
recombination target site therein, 

10 

2« A recombination system according to Claim 1 
further comprising: 

. (iii) a second DH^, wherein said second 

Wk is selected from: 
IS (a) at least a second portion of said 

first gene of interest, or 
(b) at least a portion of a second- gene 
of interest; 

vherein said second DNA contains at least one FCP 
20 recombination target site; and wherein said second DHA, 
wheh combined in reading frame vith said first DMA, 
prorides a functional gene« 

a# A recombination system according to Claim 2 
25 wherein said second DHA cos^rises an additional portion 
of said first gene of interest. 

4. A recombination system according to Claim 2 
wherein said, second pNA ccnnprises at least a portion of a 

30 second gene of interest. 

5, A recombination system according to Claim 4 
wherein said portion of said second gene of interest. 
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when ccunbiiied la reading frame with said first DNA, 
provides a hybrid, fonctional gene. 

6, A recombination system according to claim 4 
5 wherein said portion of said second gene of interest, 
when combined with said first DHA, disrupts the function 
of siLid first gene of interest, 

?• A recombination system according to claim 1 
10 - wherein said first DKA farther comprises a second FLP 
recoxDbination target site. 

8. A recombination system according to Claim l 
wherein the FLP recombinase is. derived from a species of 
15 the 



20 



25 



30 



9. A recombination system according to claim 1 
wherein the FLP recombinase is derived from a strain of 
SaccharoBiyces cerevisiae. 

10. A recombinatiott system according to claim 9 
wherein said FLP recombinase is encoded by the 
approximately 1450 base pair sequence set forth as 
Sequence ID Ho. 1. 

11. A recombination system according to claim i 
wherein said first mh provides a readily analyzable 
narker feature to the host system. 

12. A recombination system according to claim 2 
wherein said second DHA provides a readily analyzable 
marker feature to the host system. 
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13. A WA constract caoprising, as an 
autoncmotis fragment: 

(a) at least one FLP re5:oiDbination target 
site, . ' * 

5 (b) at least one restriction endonaclcuise 

* - * 

recognition site, 

(c) at least one mnrlcpr gene,. 

(d) a bacterial origin of r^licatipn, and 
optionall; 

10 (el a masmialian cellular or Viral origin of 

DHA replication. 

14* A ONA ponstract cos^rising, as an ^ 
antonomoos fragment, in the folloving order, reading from 
15 .5* to 3" along said fragment: 

(a) a first FUP recombination target site, 

(b) an insert portion cas^ising, in any 



(1) at least one restriction 

20 endonaclease recognition site, 

(2) at least one marker gene, 

(3) a bacterial origin of r^lication, 
and optionally 

(4} a mammalian cellular or' viral origin 
25 , of DHA replication, and 

(c) -a second FIP recosibinaticm target site in/ 
tandem with said first FLP recombination 
target site. 

30 15. A method for the asseidbily of functional 

gene(s), .uhidi is (are) then suitable for activation of . 
-e3cpression in mammalian cells, by recombination of 
individually . inactive gene segments derived; from one. or 
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r-3T- 

more gene(8) of Interest, vherein each of said segments 
contains at least one recombination target site, said 
method comprising: 

contacting said individually inactive gene 
3 segments with a FZf reconbinase, under 

conditions suitable for recombination to occur,, 
thereby providing a DMA sequence %Aii^ encodes 
a functional gene of interest* 



16. A method according to Claim 15 therein the 
FLP recombihase is derived from a species of the genus 



17. A method according to Claim 15 vherein the 
15 FLP recoiribi n ase is derived from a strain of Saccharomyces 
cerevisiae. 

t ' - • 

18 . A method according to Claim 17 herein said 
FLP recombinase is encoded by the approximately 1450. liase 
20 pair sequence set forth as Sequence ID 9o. l. 

19. A method for the disruption of functional 
gene(8) of interest, rendering said gene(8) unable to.be 
inactivated for expression in mammalian cells vherein 
25 said gene (8) of; interest contain at least one FLP 
recpmbinatipn t2u:get site, said method cxnxprising 
contacting said gene(s) of interest vith: 

(i) a imk segment which contains at least one 
FLP recombination . target site, and 
30 (il) FLP recofflbinase; 

vherein said contacting is carried out under conditions 
suitable for recombination to occur between, said gene and 
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said DNA segment, therebsf disn^ting the geiie(s} of 
interest and rendering said gene (s) non-functional. 

20. A method according to Clain 19 herein said 
5 DNA segment provides a readily analyzable marker feature 

to the host system. 

21. A method according to Claim 19 wherein, the 
FLP recombinase is derived from a species of the genus 

.10 Sacdharonsrces* 

22. A method according to Claim 19 herein the 
PZiP recombinase is derived from a strain of Saccharomyces 



15 

23. A method according to Claim 22 wherein, said 
FLP recombinase is encoded by the approximately 1450 base 
pair secjuence'set forth as Sequence ID Ho. 1. 

20 24. A method for the recovery of transfected 

0NA from the genome of a transfected organism, wherein 
the genomic ONA of said transfected organism contains a 
fragpnent having two tandemly oriented FLP recombination 
target sites therein, said method comprising contacting 

25 genomic DNA from said organism with FLP. 

25. A method for the precisely targeted 
integration of DMA into the genoma of a host organism, 
said method cosxprising: 
30 (i) introducing a FLP recombination target . 

site into the genome of . cells which are 
coo^tible with the cells of the subject. 



wo 92/15694 



PCrAJS92/01899 



10 



30 



-39- 



(il) introducing a first OHA cazoprising a 

nucleotide sequence containing at least 
one KLP recombination target site therein 
into the FLP recombination target site in 
the genome of said cells by contacting 
said cells with said first DHA and PIP 
recombinase, and thereafter 
(iii) introducing the cells produced by the 
process of step (ii) into said si^ject. 



26, A method according to clain 25, 

conqprising contacting the genomic ONA from sai4 subject 
with thereby recovering the transfected DNA 
containing said first gene of interest from the genome of 
15 said transfected organism. 

27 A method according to Claim 26, further 
prising introducing at least a portion of a second 

gene of inter:est into said FLP recombination target sit^. 

20 , 

28. A method according to Claim 25, further 
comprising introducing at least a portion of a secbnd 
gene of interest into one of the FLP recombination target 
sites of said subject. 

25 

29. A mammalian cell, wherein the genomic DHA 
of said cell contains at least one FLP reconibination 



30. A mammalian cell according to Claim 29 
wherein said FLP recombination target site in the genomic 
DNA of said cell is positioned within at least a portion 
of one or more gene(s) of interest. 
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31. A oaismaliaB cell according to ClaiB 30, 
further 'cQB^rising DNA encodiisg, and capable of 
e3qpressing, in mriinma li an cells, a FLP reconbinase. 

S * 32. A maimnallan cell according to claim 30 

vherein said gene(8} of interest provide a readily 
analyzable marker featnre to the host ssrsten. 

33« A' naaQBalian cell according to Claim 29 
10 vherein said FLP recombination target site has the 



5 » "CIUU3CTy;OTAqTCTCT31Cftftft<yPA7'ft< ^ ft 

15 or fonctional equivalents thereof* 

34. A mammalian cell according- to Claim 30 
further coo^rising an additional DNA fragment, vherein 
said- additional OHA fragment is selected traait 
20 (a) at least a second portion of said 

first gene of Interest, or 

(b) at least a portion of a second gene 
of interest; . 
vherein said second ONA contains at leeist one FLP 
25 xrecombination target site; and vherein said second DHA, 
vhen combined in reading frame vlth said first DKA, 
provides a function€tl gene. 

35. A transgenic, non-human mammeil, vherein 
30 said mammal contains at least one FLP recombination 
target site in the genomic DEIA thereof. 
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36. A transgenic, non^tauman mmfrmal according to 
Claim 35 vberein said FLP recombination target site is 
positioned within at least a portion of one or more 

. gene (8) of interest, 

5 

37. k transgenic, non-hnman maimnal according to 
Claim 35, further comprising a nacleotide sequence 
encoding, and capable of expressing, in transgenic, non- 
humem mammals,^ a FLB reconbinase. 

10 



25 



38. A transgenic, non-human according to 

. Claim 35, further caiq>rising TLB recombinase. 

39* A transgenic, non-human according to 

15 Claim 36 wherein said gene(s} of interest provide a 
readily aneayzable marlcer feature to the host system. 

40. A transgenic, non-human mamal according, to 
Claim 35. wherein £aid PLP recoaibination target site has 
20- the sequence: 

5 ■ -GAAjarrociaawnrciAGaA^ 



or functional equivalents thereof. 



30 



41. A transgenic, non-human MTimisii according to. 
Claim 36 further con^rising an additional DKA fragment, 
wherein, said additional DKA fragment is selec^ted frqm: 

(a) at least a second portion of said 
first' gene of Interest, or 

(b) at least a portion of a second gene 
of interest; 

whetrein said second DNA contains at least one FLP 
recoDbinatioh target site; and wherein said second DHA, 
35 when combined in reading frame with said first DHA, 
provides a functional gene. 



V/09211S6H PCr/US92/01899 

-42- 



42* A oethod for the site-specific integration 
' of transfected DNA into the genome of a. «il according to 
Cla i m 29, said method cosqorising: 

(i) contacting said genose with: 
5 (a) FLP reconbinase, and 

(b) a first 0N& coaprising at least a 
portion of a first gene of interest; 

i^erein said first Wh contains at 
least one FLP recoabination target site; 
10 and thereafter . 

(ii) . maintaining the product of step (i) under 

conditions suitable for site-specific 
integration of said DH& sequence to occur 
at the FZiP recombination target , site in 
13 said genome of the host cells* 

43. A method according to Claim 42 vherein said 
FIf recombination target site in the genomic DRA of said 
cell is positioned within at least a portion of one or 

20 more gene(s).jof interest. 

44. & method according to Claim 42 further 
con^Kcising additionally coxitacting said host cell with a 
second WOl, idierein said second Wh is selected from: 

25 (a) at least a second portion of said 

first igene of interest, or 

(b) at least a portion of a second gene 
of interest; 

vherein said second contains at least one Fl^ 
30 recombination target site; and vherein said second DMA, 
yhen combined in reading frame with said first OHA, 
provides a functional gene* 

45. A method according to Claim 42 vherein said 
35 FLP reoombinase is provided by a FLP egression vector. 
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46, A method according to Claim 45- wherein the 
.eacpression of FIiP recomhinase by said FLP escpression 
vector is subject to regulatory control. 

5 47. A method according to Claim 42 vherein said- 

FLP recombination target site is introduced into the 
genome of said host mammalian cell by transf acting said 
host cell with a DNA fragment containing at least one 
recombination target site therein. 

10 

48. A method according to Claim 42 vherein the 
Fl^ recombiiiation target site in the genomic DNA of said 
. host mammalian cell is so positioned that the 
introduction of additional DKA sequences therein will 
15 inactivate the target gene. 



49. A method for the site-specific integration 
of transf ected DNA into the genome of a host according to 
Claim. 35, said method ccmprising: 
20 (i) contacting said genome with: 

(a) FLP recoipbinage, and 

(b) a first OKA cooiprising a nucleotide 
sequence containing at lezist one FLB 
recombination target site therein; 

^ and thereafter 

(ii) maintaining the product of step (i) under 
conditions suitable for site-specific 
• integration of said DNA sequence to occur 
at the FLP recombination target site in 
30 . said genome of the host. 

50j. .A . method according to Claim 49 i^erein said 
FLP recombination target site is positioned within at 
least a portion of one or .more gene(s) of interest. 

35 
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51, A method according to Claisi 49 farther 
. coo^rlslixg additionally contacting said host vith a 

« 

second D12A, wherein said second DNA is selected from: 

(a) at least a second portion of said 
5 first gene of interest, or 

(b) at least a portion of a second gene 
of interesti 

vherein saiid second DNA contains at least one fXP 
recombination target site; and wherein said second DNA, 
10 when combined in reading frame with said first DNA, 
provides a functional gene. ^ 

52* A method according to Claim 49 wherein said 
FLP recombinase is provided by a FLP eaqpression vector^ 

15 

53. A method according to Claim 52 wherein the 
expresaiaa of FLB recombinase by said FLP e3q>ression 
vector is subject to regulatory control. 

20 54— A method according to giajw 49 whereih^aid 

FLP renombi nation target site is introduce into the 
genome of said host maiimnal by transf ecting said host with 
a DNA fragment containing- at least one. reccambihation 



25- ■ 

55. A method according to Claim 49 wherein the 
DNA of s£d.d host mammal contains at least one FLP 
recombination target site, and idierein said FLP 
recombination target site is so positioned ikhat the 
30 introduction of additional DNA sequences therein will 
inactivate the target gene. 
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56. A method for the analysis of the 
development of a mannaal, Baid jaethod conprising:. 

(a) providing a transgenic aamsal coxaprising: 

(i) an expriession construct encoding FLP 
^ under the control of a conditional 

promoter, and 

(ii) a reporter construct under the 

. control of the same or a different 
praxaotBTg vherein said reporter 
, construct encodes a functional or 
non-functioneJ. reporter gene 
product, axid vherein said construct 
contains at le«ist one FLP 
recombination target site therein, 
^ wherein the. functional 

expression of the functional 
reporter gene is disrupted when said 
FLP recombination event occurs, or 
lirtierein the . functional 
. eaqpression of the non-functional 
reporter gene commences when said 
recombination event occurs; and 
(b) following the development of said mammal to 
determine when e3q>res8ion of functional reporter gene 
25 product either commences or is disri^ted. 

57. A method according to Claim 56 wherein said 
conditional promoter is developmentally-regulated. 

* . - • 

58. A c6-transfection assay for the occurrence 
, of FLP-mediated recombination, said assay coa^risingr 

(a) c6-transfecting a host n»*™nj>'^inn cell 



with: 



35 



(i) a FLP expression plasmid, and 

(ii) a reporter plasmid conprising a non- 
functional reporter gene wherein said non- 
functional reporter gene is inactivated by 
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the presence of extraneous DRA containing 
at least one recon^ination target site; ' 



(b) monitoring said host cell under a variety 
5 of conditions for the gain of expression of functional 



59. A co-transfection assay for the occurrence 
of FL^mediat^ renombination^ said assay comprising: 
10 (a) co-transf ecting a host aammalian cell 

withs 

(i) a FLP expression plasmid, and 

(ii) a reporter plasaid comprising a 
functional re^rter gene containing at 

15 least one reoambination target site 

therein; and 
. (b) monitoring said host cell under a variety 
of conditions for the loss of ea^ressibn of functional 
rieporter. gene product. 
20 ' 
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